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ABSTRACT 

Context. The Ophiuchus cluster, at a redshift z=0.0296, is known from X-rays to be one of the most massive nearby clusters, but due 
to its very low Galactic latitude its optical properties have not been investigated in detail. 

Aims. We discuss the optical properties of the galaxies in the Ophiuchus cluster, in particular with the aim of understanding better its 
dynamical properties. 

Methods. We have obtained deep optical imaging in several hands with various telescopes, and applied a sophisticated method to 
model and subtract the contributions of stars in order to measure galaxy magnitudes as accurately as possible. The colour-magnitude 
relations obtained show that there are hardly any blue galaxies in Ophiuchus (at least brighter than r' < 19.5), and this is confirmed 
by the fact that we only detect two galaxies in Ha. We also obtained a number of spectra with ESO-FORS2, that we combined with 
previously available redshifts. Altogether, we have 152 galaxies with spectroscopic redshifts in the 0.02 < z < 0.04 range, and 89 
galaxies with both a redshift within the cluster redshift range and a measured r' band magnitude (limited to the Megacam 1x1 deg^ 
field). 

Results. A complete dynamical analysis based on the galaxy redshifts available shows that the overall cluster is relaxed and has a 
mass of 1.1 lO'^ Mo. The Sernal-Gerbal method detects a main structure and a much smaller substructure that are not separated in 
projection. 

Conclusions. From its dynamical properties derived from optical data, the Ophiuchus cluster seems to be overall a relaxed structure, 
or at most a minor merger, though in X-rays the central region (radius ~ 150 kpc) may show evidence for merging effects. 

Key words. Galaxies: clusters: individual (Ophiuchus), Galaxies: luminosity function 


1. Introduction 

Though the study of clusters is presently more often devoted to 
large surveys than to individual objects, it remains useful to anal¬ 
yse clusters individually when they appear to have particularly 
interesting or uncommon properties. Our attention was drawn on 
the Ophiuchus cluster, that is the cluster with the second bright- 


* Based on observations obtained with MegaPrime/MegaCam (pro¬ 
gram 10AF02), a joint project of CFHT and CEA/DAPNIA, at the 
Canada-France-Hawaii Telescope (CFHT) which is operated by the 
National Research Council (NRC) of Canada, the Institute National 
des Sciences de FUnivers of the Centre National de la Recherche 
Scientifique of France, and the University of Hawaii. Based on obser¬ 
vations made with ESO Telescopes at the La Silla Paranal Observatory 
under programme ID 085.A-0016(C). Based on observations obtained 
at the Southern Astrophysical Research (SOAR) telescope (program 
2009B-0340 on SOI/SOAR), which is a joint project of the Ministerio 
da Ciencia, Tecnologia, e Inovafao (MCTI) da Republica Eederativa 
do Brasil, the U.S. National Optical Astronomy Observatory (NOAO), 
the University of North Carolina at Chapel Hill (UNC), and Michigan 
State University (MSU). This research has made use of the NASA/IPAC 
Extragalactic Database (NED) which is operated by the Jet Propulsion 
Laboratory, California Institute of Technology, under contract with the 
National Aeronautics and Space Administration, and of the SIMBAD 
database, operated at CDS, Strasbourg, Prance. 


est X-ray flux, but for which very little is known at optical wave¬ 
lengths, due to its very low galactic latitude. 

Successful attempts have been made by several teams to de¬ 
tect extragalactic objects behind the Milky Way. First, Kraan- 
Korteweg (1989) searched for individual galaxies in the zone of 
avoidance at optical wavelengths, and subsequently published a 
series of papers with more and more detections, including clus¬ 
ters such as the Norma cluster (Kraan-Korteweg et al. 1996, 
Skelton et al. 2009). Nagayama et al. (2006) performed a near- 
infrared study of CIZA J1324.7-5736, the second richest cluster 
of galaxies in the Great Attractor. In X-rays, a systematic search 
for clusters (and even superclusters) of galaxies was made by 
Ebeling et al. (2002); in this paper, they give a first catalogue of 
73 clusters at redshifts z < 0.26 and discuss the identification of 
the Great Attractor. Other X-ray detections were made by Lopes 
de Oliveira et al. (2006), who discovered Cl 2334-1-48 at z—0.21 1 
in the Zone of Avoidance in the XMM-Newton archive, and by 
Mori et al. (2013), who detected the rich cluster Suzaku J1759- 
3450 at z=0.13 behind the Milky Way bulge. The latter cluster 
was then confirmed by Coldwell et al. (2014), based on infrared 
data. 

At a redshift of 0.0296 (as inferred from our dynamical anal¬ 
ysis, see Sect. 4.2), the Ophiuchus cluster was discovered in X- 
rays by Johnston et al. (1981), who identified the 4U 1708 - 23 
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Fig. 1. 2MASS near-infrared image of the Milky Way taken from the Aladin database, showing the positions of the Galactic centre 
and of the Ophiuchus and Norma clusters. 


X-ray source with a cluster of galaxies, and more or less simulta¬ 
neously at optical wavelengths by Wakamatsu & Malkan (1981) 
during a search for highly absorbed Galactic globular clusters. It 
is located in the Zone of Avoidance, not very far from the Great 
Attractor. 

Ophiuchus is mostly known from its X-ray properties, since 
it is the cluster with the second highest X-ray flux after Perseus 
(Edge et al. 1990). The first results obtained with ASCA by 
Matsuzawa et al. (1996) gave for the temperature and metallic- 
ity of the X-ray gas the respective values of kT=9.8 keV and 
Z=0.24 Zq. Based on a mosaic of ASCA data, Watanabe et al. 
(2001) later derived that Ophiuchus was formed by the merg¬ 
ing of two clusters with different iron abundances. They also 
detected the presence of a small group of galaxies with a colder 
temperature superimposed on the main cluster. Ophiuchus is part 
of the sample of clusters detected by Ebeling et al. (2002) in 
their systematic X-ray search for clusters behind the Milky Way. 
Ascasibar & Markevitch (2006) showed that the X-ray emission 
map of Ophiuchus showed the presence of several sharp edges 
(see their Eig. 1), and argued that these could arise from gas 
sloshing, set up by a minor merger (as explained in detail by 
Markevitch & Vikhlinin 2007). The X-ray properties of the cen¬ 
tral part of Ophiuchus were also analysed in detail by Million 
et al. (2010), based on Chandra data. These authors showed the 
existence of a small displacement between the X-ray peak and 
the cD galaxy (~ 2 kpc), and of several strong features, such as 
sharp fronts and a very steep temperature gradient between the 
cool core (kT=0.7 keV) and a region located only 30 kpc away 


(kT=10 keV). All these properties suggest that the central re¬ 
gions of Ophiuchus (within 150 kpc of the cluster centre) show 
evidence for merging, whereas at radii larger than 150 kpc the 
cluster appears relatively isothermal with a constant metallicity. 
At even higher energies, Ophiuchus is also part of the sample 
of nearby clusters where evidence for indirect detection of dark 
matter has been searched for in Eermi gamma-ray data (Hektor 
etal. 2013). 

Since Ophiuchus is very massive and very old (since it is in 
the nearby Universe), it can be considered as a perfect exam¬ 
ple of a cluster where the influence of the cluster on the member 
galaxies is as strong as can be in the Universe, and it can be taken 
as a reference for studies of galaxies in clusters such as red se¬ 
quence or luminosity functions. Ophiuchus is also expected to 
be one of the clusters with very little star formation, and this 
motivated our attempt to detect star formation in Ophiuchus by 
observing it in a narrow band filter containing the Ha line at the 
cluster redshift. However, due to its low Galactic latitude it has 
not been observed much at optical wavelengths. An analysis was 
made of the galaxy distribution at very large scale (covering a 
12° X 17° area) by Hasegawa et al. (2000), based on 4021 galax¬ 
ies with measured spectroscopic redshifts. It was then shown by 
Wakamatsu et al. (2005) that Ophiuchus has a large velocity dis¬ 
persion of 1050 + 50 km s ', agreeing with its high X-ray lu¬ 
minosity, and that several groups or clusters are located within 
8° of the cluster, thus forming a structure comparable to a su¬ 
percluster, close to the Great Attractor. They also found a large 
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foreground void, implying that it is a continuation of the Local 
Void. 

The difficulty of observing Ophiuchus at optical wavelengths 
is illustrated in Fig. [1] where we can see that it is even closer to 
the Galactic centre than the Norma cluster. 

For a redshift of 0.0296, Ned Wright’s cosmology calcula- 
toiQ gives a luminosity distance of 120.8 Mpc and a spatial scale 
of 0.585 kpc/arcsec, leading to a distance modulus of 35.54 (as¬ 
suming a flat ACDM cosmology with Hq = 71 km s“' Mpc *, 
Qm = 0.27 and Qa = 0.73). The cluster centre is taken to be 
the position of the cD galaxy: RA=258.1155°, Dec=-23.3698° 
(J2000.0). This is practically coincident with the peak of the X- 
ray emission, which is < 3 kpc (0.07 arcmin) away (Million et 
al. 2010). 

The paper is organised as follows. We describe our optical 
data in Section 2. Results concerning the red sequence detected 
in colour-magnitude diagrams, star formation, internal structure 
and dynamical properties are presented in Section 3. The cluster 
merging state is discussed in Section 4. 

2. Optical imaging and spectroscopy 

2.1. The data 

We obtained optical images in various bands with several tele¬ 
scopes, as summarized in Table [T] 

At the Ophiuchus cluster redshift, the Flo' line falls in the 
wavelength range covered by the filter adapted to observe the 
Galactic [SII]6717,6731 emission, so we observed Ophiuchus in 
this filter with the SOAR telescope and SOI instrument during 
an observing run dedicated to galaxy clusters in 2009. We also 
took brief exposures in the Galactic Ha and R band filters, to 
allow a good continuum subtraction in order to derive the Ha 
emission and the star formation rate in the galaxies belonging to 
the cluster. 

2.2. Galaxy selection 

As a pilot survey of galaxies, we chose an area of 10.1 x 
9.3 arcmin^ in RA and DEC centered on the cD galaxy. This 
area covers the whole VLT and SOAR fields. 

At the beginning, we tried an automated galaxy survey, 
but failed, because too many blended stars were selected erro¬ 
neously. So instead, we conducted our galaxy survey by eye in¬ 
spection on the combined g' and r' band images by changing 
the image brightness and contrast on the ds9 and Gaia viewers. 
The detections of galaxies of small angular sizes are severely 
disturbed by many foreground stars. To overcome this difficulty, 
we made an eye inspection not only of the original images but 
also of the star-subtracted images (see section 2.3). 

On these star-subtracted images, extended objects of small 
angular sizes show donut-shaped structures around their re¬ 
moved cores, while stars are clearly removed. This is our 
discrimination between stars and galaxies. For objects diffi¬ 
cult to classify, we refered to stellarity indexes deduced from 
SExtractor and to results of image profiles measured with “imex- 
amine” in IRAE. We selected 225 objects, and later closely re¬ 
examined 63 of these objects. Out of those 63 objects, 2/3 are 
found to be residuals around bright stars (see in section 2.3) or 
objects with stellarity index > 0.15, and the remaining 1/3 are 
too faint to obtain reliable stellarity indexes. In Table A.l, we list 


' http://www.astro.ucla.edu/ wright/CosmoCalc.html 


162 objects likely to be galaxies with their coordinates and mag¬ 
nitudes. Although the completeness of our survey is difficult to 
estimate in this complex area, we roughly estimate it to be higher 
than 70% for galaxies with angular sizes larger than 2.5 to 3 arc- 
sec. Indeed, we independently made a galaxy selection on the 
VLT image which has the best seeing, and found only two ad¬ 
ditional galaxies. Some small galaxies lying close to bright stars 
are missed, because they are buried in diffraction spiders and re¬ 
flexion residuals of bright stars. Besides, some dwarf galaxies of 
low surface brightnesses having diameters larger than 3 arcsec 
are also missed, because they are buried in irregularities of the 
sky background. 

2.3. The method to subtract stars from the images 

On our r' band Megacam image, the number density of fore¬ 
ground stars which disturb the galaxy surface photometry in 
Ophiuchus is found to be about 350 stars arcmin^^, and therefore 
100-200 stars are superposed on large bright galaxies. Hence, 
star-subtraction is essential to achieve good quality galaxy pho¬ 
tometry in Ophiuchus. 

The present star subtraction procedure is a modified version 
of the method originally developed by Nagayama et al. (2006). 
It consists of: 1) extraction of the point spread function (PSE), 
2) star subtraction, and 3) cleaning of residuals such as those 
due to saturated stars or to diffraction on the spider. All these 
procedures were done using the “DAOPHOT” and “STSDAS” 
packages in IRAK 

We first describe the extraction of the PSP. Since almost all 
the stars that should be removed are blended with one another 
due to the high star density in the Galactic disk, a precise de¬ 
termination of the PSP is crucial. This requires isolated non- 
blended stars. However, almost all PSP candidate stars within 
an appropriate magnitude range are blended. So we obtained 
the final PSP after iterating three times the deblending process 
for these stars. We detected a spatial variation of the PSP even 
within a few arcminutes, due not only to the optics of the CPHT 
wide-held Megacam camera, but also to the different perfor¬ 
mances of the mosaic CCDs of the camera. Therefore, star sub¬ 
traction was processed by considering locally extracted PSPs. 

Simple star subtraction from an original image is not appro¬ 
priate, because the prohles of stars superimposed on a galaxy are 
disturbed by the light of the target galaxy. So, before star subtrac¬ 
tion, the galaxy light should be removed from the original image 
by subtracting a brightness model of the galaxy. This model is 
extracted from a crude surface photometry of the galaxy with 
the “ellipse” and “bmodel” tasks in the IRAP STSDAS package. 
After subtracting this model galaxy from the original image, an 
image without the galaxy component is created (Pig. 2b). Based 
on this image, the stellar parameters for star subtraction with 
the series of PSPs are calculated with the “daofind”, “phot”, 
etc. tasks. By subtracting these stars to the original sub-image 
with the “allstar” task, we then obtain a galaxy image without 
the superposition of foreground stars. Starting with this crudely 
removed galaxy image, we repeat this loop two or three times 
(Fig. 2c). 

The automated star-subtraction described above is almost 
perfect for non-saturated stars superposed on galaxies even if 
they are blended in a complicated way (Pig. 2c). However, this 
process works very poorly for saturated stars, which are al¬ 
ways accompanied by large residuals, e.g., scattered light, spider 
diffraction patterns, etc. These have irregular shapes, so we are 
obliged to remove them manually one by one with the “imedit” 
task in IRAP. If the outer annular zone encircling these resid- 
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Table 1. Optical imaging observations. The field and pixel size are the values of the reduced dithered and binned images. 


Telescope 

Instrument 

filter 

exp. time 
(s) 

field 

arcmin^ 

pixel size 
arcsec 

seeing 

arcsec 

CFHT 

Megacam 

g' 

4830 

60x60 

0.186 

0.9 



r' 

2450 

60x60 

0.186 

0.9 

VLT 

FORS2 

z' 

90 

9.9x9.1 

0.252 

0.64 

SOAR 

SOI 

R 

480 

5x5 

0.154 

1.0 



Gal.Ha 

360 

5x5 

0.154 

1.0 



Gal.fSII] 

2460 

5x5 

0.154 

1.0 



Fig. 2. Images illustrating our method for star-subtraction. The field of view of each image is about 1.1 x 1.3 arcmin^ in the east-west 
and north-south directions, respectively. The small red circles indicate the position of the nucleus and the green ellipses represent the 
outer boundary of the galaxy, (a: top left) Original r' band image of 2MASX J17121895-2322192 = OPH 171218.98-232219.1, one 
of the brightest galaxies, (b; bottom left) Stellar component after subtracting the galaxy model from image (a). This image is almost 
free of galaxy light, and so appropriate for evaluation of stellar parameters and measuring the PSFs. (c: top middle) Extracted 
galaxy image after automated star-subtraction with PSFs. Since irregular residuals of saturated stars are not well removed, they 
disturb the galaxy profile and its surrounding sky area, (d; bottom middle) Image showing the automatically subtracted stars. This is 
the difference between images (a) and (c) and shows that more than 100 stars superposed on the galaxy are removed, (e; top right) 
Final image of the galaxy after manual cleaning of residuals around saturated stars in image (c). (f: bottom right) Residuals left after 
manual cleaning. This is the difference between images (c) and (e). 


uals is clean and not disturbed by other residuals, the aperture 
around the residuals is replaced by an aperture interpolated from 
this boundary annulus with replacement option “b” in “imedit”. 
If replacement by interpolation is not appropriate due to neigh¬ 
boring residuals or diffraction patterns, the residual aperture is 


substituted, with the replacement option “m”, by a nearby aper¬ 
ture region of similar surface brightness to that of the galaxies 
(Fig. 2e). This cleaning process is the most delicate and painstak¬ 
ing job, since it must not modify the luminosity profiles and total 
magnitudes of the galaxies. 
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The error sources on the star subtraction processes for galaxy 
photometry are; 1) the subtraction of non-saturated stars with 
PSFs, 2) the replacement of residuals by interpolation and/or 
substitution as described above. Besides, bright stars located 
around the peripheries of galaxies cause uncertainty on the in¬ 
tegration boundary for galaxy photometry. For elliptical and SO 
galaxies which have smooth and symmetric structures, interpo¬ 
lation and substitution may not be a serious problem, but for 
spiral galaxies with knotty arms and for interacting galaxies 
with asymmetric tails and bridges, the situation is more diffi¬ 
cult. Fortunately, the Ophiuchus cluster is of cD-type and there¬ 
fore rich in E and SO galaxies, and poor in spiral and interact¬ 
ing galaxies. To estimate errors on our photometric measure¬ 
ments, we considered two sets of images with different star- 
subtractions, and made photometric measurements twice for 
each band. By comparing these two results, we estimate the er¬ 
rors in the three measured bands as follows: 

- 0.07, 0.14, and 0.25 mag for objects with / < 19, 19 < r' < 

21, and r' >21, respectively, 

- 0.08, 0.15, and 0.25 mag for objects with g' < 20, 20 < g' < 

22, and g' > 22 respectively, and 

- 0.05, 0.10, and 0.25 mag for objects with z' < 20, 20 < z' < 

21, and z' > 21 respectively. 

These processes are illustrated in Fig. |2] 

2.4. The photometric catalogue 

After subtracting the star contribution (as described above), we 
extracted small subimages containing each galaxy and its imme¬ 
diate surroundings, and measured magnitudes and morphologi¬ 
cal parameters with SExtractor (Bertin & Arnouts 1996). This 
was done in the g', r', and z' bands for all the galaxies located in 
the field covered by the VLT/EORS2 image. Good quality mea¬ 
surements were achieved for 162 galaxies in the g', r', and z' 
bands respectively. In the region covered by Megacam but not by 
EORS2, only r' band magnitudes were measured for the galaxies 
with spectroscopic redshifts, in order to have a sample as large as 
possible of galaxies with both spectroscopic redshifts and mag¬ 
nitudes, to apply the Serna & Gerbal analysis (see Section [3.3.3l l. 
The photometric catalogues are given in Tables IATTI and lA^ 

2.5. The spectroscopic catalogue 

Redshifts of bright galaxies were obtained covering a very large 
area on the sky with the AAO 6dE, CTIO 1.5m and Lick 3m 
telescopes (Wakamatsu et al. 2005), and are listed in Table lA. 3) 

We also obtained spectroscopic data with the ESO VLT/UTl 
telescope using FORS2 in two adjacent fields covering the very 
central region of the cluster, for a total exposure time of 1500s. 
Spectra were obtained for 55 objects, out of which 54 gave re¬ 
liable redshifts. Out of these, 17 proved to be galaxy spectra 
(about 14 belonging to the Ophiuchus cluster) and 37 were stars. 

We retrieved redshifts in the NED data base in a region 
shown in Eig.[3 

We also retrieved a spectrum of the cD galaxy taken by John 
Huchra at CTIO and measured its velocity to be cz=8844 + 
60 km/s. This is within the error of the systemic velocity of the 
cluster 8878 + 76 km/s (as inferred from the dynamical analysis, 
see Sect. 4.2). 

We built a spectroscopic redshift catalogue by combining the 
Wakamatsu et al. (2005) measurements and our EORS2 mea¬ 
surements, and adding redshifts available in NED for galaxies 


-22 ft- 
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Fig. 3. Spatial distribution of the galaxies with spectroscopic 
redshifts, color-coded as follows: magenta crosses: our EORS2 
measurements, green crosses: Hasegawa measurements, black 
crosses: values found in NED. The two magenta circles have 
radii of 0.5 deg (1 Mpc) and 1 deg (2 Mpc) and the blue square 
shows the size of the Megacam g' and r' band images. 

which were not in the two previous catalogues. The resulting 
catalogue was limited to the redshift range 0.02 < z < 0.04, 
somewhat broader than the cluster range in order not to “lose” 
galaxies. For the galaxies with several redshift measurements, 
we took in decreasing priority the FORS2 value, the Wakamatsu 
et al. (2005) value, and the NED value. Our final redshift cata¬ 
logue is given in Table lA.3l and includes 152 galaxies after elim¬ 
inating objects with multiple measurements. We estimate the un¬ 
certainties on the corresponding cz velocities to be smaller than 
280 km s ' for the EORS2 data (see Adami et al. 2011) and be¬ 
tween 100 and 300 km s“' for the Wakamatsu et al. (2005) data. 
The spatial distribution of the galaxies with measured redshifts 
is displayed in Eig. [3] and the redshift histogram is shown in 

Fig- El 

Eor the galaxies with spectroscopic redshifts located within 
the CEHT/Megacam field of view but outside the EORS2 field, 
we performed the star subtraction and measured the magnitudes 
in the r' band as described above. This gave a catalogue of 89 
galaxies with both redshifts and r' band magnitudes within the 
1x1 deg^ Megacam area, to which we applied the Serna & 
Gerbal software to search for substructures (see section U.3.3b . 

3. Results 

3.1. The red sequence 

Eor the galaxies with measured g', r' and z' magnitudes, we drew 
the three possible colour-magnitude diagrams. These are shown 
in Fig. |5] We can see from the positions of the galaxies with 
spectroscopic redshifts in these diagrams that the red sequence 
is very well defined in all three plots. This confirms the validity 
of our photometric treatment and star subtraction. 

The best fit to the {g' - r') versus r' relation computed with 
the galaxies brighter than r' = 20 is : 

(g' -r') = (-0.03955 + 0.0114)/ + (1.72 + 0.21). 
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Fig. 5. Colour-magnitude diagrams. The red crosses are the galaxies with spectroscopic redshifts in the 0.02 < z < 0.04 range. 



Fig. 4. Spectroscopic redshift histogram for the 152 galaxies of 
Table A3, with measured redshifts in the 0.02 < z < 0.04 redshift 
range. 

This relation can be compared to that estimated for a cluster 
of comparable richness and redshift, such as Coma. Eisenhardt 
et al. (2007) give the following relation for Coma (see their 
Table 13): 

(B-R) = (-0.055 + 0.006)R + (2.259 + 0.074). 

If we translate our relation to B and R magnitudes using the 
Fukugita et al. (1995) transformations, we find for Ophiuchus: 

(B-R) = (-0.03955+ 0.0114)R + (2.54 + 0.21). 

Though the slope for Ophiuchus is flatter than for Coma, the 
slopes are consistent within error bars, and the normalisation pa¬ 
rameters are of the same order of magnitude. 

We can also note from the colour-magnitude relations that 
there are very few bright blue galaxies in Ophiuchus: in the 
(g' - r') versus r' diagram, for example, there is not a single 
galaxy below the red sequence for r' < 19.5. This result is com¬ 
parable to that found, for example, in the Coma cluster, where 
few galaxies bluer than the red sequence are detected (see Fig. 17 
in Adami et al. 2007). 


This agrees with our idea that Ophiuchus is an “old” cluster, 
and this is also confirmed by the very small number of galaxies 
showing ongoing star formation (see next subsection). 

3.2. Star formation in Ophiuchus gaiaxies 



RA (deg) 

Fig. 6. Ha calibrated fluxes (in units of erg s * cm“^, in logarith¬ 
mic scale) versus RA coordinates for all the galaxies detected 
along the Ophiuchus line of sight. Large open circles are the 
galaxies observed spectroscopically. The horizontal line shows 
the detection limit at 10“'® erg s“* cm“^. 


As explained in the introduction, we expect the galaxies of 
Ophiuchus to be in majority old, and therefore lacking star for¬ 
mation. To test this hypothesis, we observed the cluster in a nar¬ 
row band filter containing Ha and [Nil] at the cluster redshift, 
as explained in Section]^ We consider in the following Ha and 
[Nil] as a single line noted Ha. 

We first renormalize the Ha, [SII], and R band SOAR fluxes 
to take into account the different passbands of these filters and 
the different exposure times. 

For a given object in Ophiuchus, we note I the flux measured 
in the Ha filter. It includes the Milky Way Ha flux (MWHa) 
plus the continuum of the observed object at the filter wave¬ 
length (Cl). We note II the flux received by the [SII] filter. It 
includes the Milky Way [SII] flux (MWSII), plus the Ha emis- 
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sion of the observed object (OHa), plus the continuum of the 
observed object at the filter wavelength (C2). 

I = Cl+MWHa (1) 

II = C2 + OHa + MWSII (2) 

Our goal is to measure the Ha emission of the observed ob¬ 
ject: OHa. 

From Fig. 8 of Haffner et al. (1999), we estimate the ratio 
between the Milky Way Ha and [SII] emissions to be 4.7+0.3 at 
the Ophiuchus position: 

MWHa/MWSII = 4.7 ± 0.3 (3) 

Moreover, we can safely assume that C1^C2, since the 
wavelengths of the Ha and [SII] filters are very similar: 

Cl = C2 = C (4) 

Combining equations (1) to (4), we have: 

OHa = II - (1/4.7) - C * (1. - (1./4.7)) (5) 

We must now estimate C (our Ha and [SII] images and our 
spectra are not flux calibrated). We assume this value to be the 
same for all the Ophiuchus galaxies, a reasonable hypothesis 
since we are considering a very homogeneous population of 
cluster galaxies. We then select the galaxies for which no Ha 
line is visible in our spectra. In this case, equation (5) becomes: 

C = (II-(I/4.7))/(l.-(l./4.7)) (6) 

We then estimate C for the previously selected Ophiuchus 
galaxies with no Ha emission, and apply this value to all the 
considered objects. We therefore have a direct access to the un¬ 
calibrated OHa flux with equation (5) for all the observed ob¬ 
jects. 

To have a calibrated flux, we compare our SOAR R-band 
and CFHTLS r’ fluxes and apply the corresponding zero point 
to OHa fluxes. We then generate Fig.|6l Considering the galax¬ 
ies for which we have a spectrum (we did not detect any Ha 
lines in our spectroscopic sample), we estimate the maximum 
value below which the Ha emission is not detectable to be about 
10“'® erg s“' cm"^. 

Only two galaxies in Fig. |6] show a significant Ha emission. 
Their coordinates are (258.149°, -23.3223°) and (258.115°, 
-23.3696°) and their respective Ha fluxes are 1.446 x 10“'® and 
0.692 X 10“'® erg s"' cm“^. 

After converting Ha fluxes into star formation rates (here¬ 
after SFR) with the Kennicutt (1998) relation, our detection limit 
translates to 1.5 x 10“® Mq yr“', a fairly low value. Even the two 
galaxies in which we do detect Ha have fairly low SFRs of the 
order of 0.02 Mq yr“' and 0.01 Mq yr“' respectively. 

We therefore conclude that the Ophiuchus galaxies have very 
low SFRs, as expected. 

3.3. The cluster internal structure and dynamics 

3.3.1. Selection of spectroscopic cluster members 

We examined the positions of the galaxies in the “blue” peak 
(i.e. those with 0.02 < z < 0.032) and those in the “red” peak 
(0.032 < z < 0.04) of Fig. 01 but were not able to separate them 
spatially. Therefore, if the blue and red distributions correspond 
to two clusters in the process of merging, the merger must be 



R [Mpc] 

Fig. 7. Rest-frame velocities vs. distances from the cluster center 
for all galaxies with redshifts in the cluster region. Filled (red) 
dots identify cluster members; the green-crossed red dot is the 
cD galaxy. The empty circles identify the 5 interlopers found by 
the shifting gapper procedure. The empty circles within squares 
identify the 5 interlopers found by the adaptive-kernel proce¬ 
dure. Note that some of them are nearly coincident in projected 
phase-space, hence the symbols are superposed. 


taking place along a direction close to perpendicular to the plane 
of the sky. 

To identify the cluster members among the 152 galaxies with 
measured redshift, we use the ’shifting gapper’ method of Fadda 
et al. (1996). This method searches for gaps of 1000 km s ' in 
the velocity distributions, within overlapping radial intervals of 
0.4 h“' Mpc (corresponding to 0.56 Mpc for our adopted cos¬ 
mology). These gaps are used to separate interlopers from clus¬ 
ters members. Five galaxies are identified as interlopers by this 
procedure. 

We then refine our membership identification by another pro¬ 
cedure which is similar to the one developed by Biviano et al. 
(1996) for the Coma cluster. We determine two adaptive kernel 
maps of the galaxy number densities, one unweighted, and an¬ 
other weighted by the galaxy rest-frame velocities. The ratio of 
the two maps defines an adaptive kernel map of local velocities. 
We then run 1000 bootstrap resamplings to establish the signif¬ 
icance of the adaptive kernel map of galaxy velocities, at each 
galaxy position, (Tbootj (see Appendix A of Biviano et al. 1996 
for more details). When the adaptive kernel value of the veloc¬ 
ity at the i-th galaxy position deviates from zero at more than 
3<Thootj, we reject galaxy i from the list of cluster members. We 
reject five galaxies by this procedure, so we are left with a total 
of 142 cluster members. 

The projected-phase space distribution of all galaxies with 
spectroscopic redshifts in the cluster region is shown in Fig. |7] 
It displays a decrease of velocity dispersion with increasing dis¬ 
tance from the cluster center, as seen in many nearby clusters 
(e.g. Biviano et al. 1997). 

3.3.2. Dynamical analysis 

The histogram of rest-frame velocities for the cluster members 
is shown in Fig. [8] The mean redshift and velocity dispersion of 
the cluster members are z = 0.0296 + 0.0003 and cry = 954][®j 
km s“', respectively (derived using the robust biweight esti- 
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mator, see Beers et al. 1990). Our new estimate of cr,, is sig¬ 
nificantly lower than the value obtained by Wakamatsu et al. 
(1050+50 km s“'). Using our new values of z and ctj, we draw the 
corresponding Gaussian distribution in Fig. [8] A Kolmogorov- 
Smirnov test (e.g. Press et al. 1992) gives a probability of 0.82 
that the observed velocity distribution is a random draw of the 
Gaussian distribution. In other terms, the observed distribution 
is statistically indistinguishable from a Gaussian. This is gen¬ 
erally taken as evidence for a relaxed dynamical configuration 
(e.g. Girardi et al. 1993; Ribeiro et al. 2011). 

Additional support for a dynamically relaxed status of the 
cluster also comes from the position of the cD in projected 
phase-space (Beers et al. 1991). It is in fact spatially coincident 
with the peak of the X-ray emission, and its velocity is consistent 
within the errors with the mean cluster velocity, Av = 47 + 97 
km s“^ 



- 3 - 2-10 1 2 3 

rest-frame velocity [10^ km s^'] 


Fig. 8. Histogram of the rest-frame velocities of the identified 
cluster members. The best-fitting gaussian is overplotted. The 
arrow indicates the velocity of the cD galaxy. 


It is possible to obtain a first, preliminary estimate of the 
cluster mass from the c+v estimate, via the scaling relation of 
Munari et al. (2013; eq. 1); M 200 = 9.3 [8.1,10.7] x IO'^Mq, 
corresponding to raoo = 2.0 [1.89,2.07] Mpc, where the values 
in brackets correspond to the 1 cr confidence intervals 0. 

We proceed by estimating the cluster mass profile using 
the MAMPOSSt technique of Mamon et al. (2013). This tech¬ 
nique performs a Maximum Likelihood fit of selected mass and 
velocity-anisotropy models, to the projected phase-space distri¬ 
bution of cluster members. 

We consider three models for the mass distribution: 1) 
Burkert (1995; ’Bur’), 2) Hernquist (1990; ’Her’), and 3) the 
popular Navarro et al. (1996; ’NFW’). The three models are 
characterized by different logarithmic slopes of their mass den¬ 
sity profiles, 0, -1, and -1 near the center, and -3,-4,-3 at 
large radii, for Bur, Her, and NFW, respectively. Each of these 
models is characterized by two free parameters, the virial radius 
r 2 oo, and the scale radius. The NFW scale radius corresponds to 
the radius where the logarithmic slope of the mass density pro- 


^ The virial radius ^200 is the radius of a sphere with mass overdensity 
200 times the critical density of the Universe at the cluster redshift. The 
virial mass M 200 is directly related to r 2 oo via M 200 = 100//^ 
where H, is the Huhble constant at the cluster mean redshift. 


Table 2. Results of the MAMPOSSt analysis 


'•200 [Mpc] 
r _2 [Mpc] 

Poo 

M200 [ 10 "'Mo] 


2 . 1 [ 1 . 8 , 2 . 2 ] 
0.7 [0.5,1.4] 
0.8 [0.4,1.0] 
11.1(6.8,13.7) 


Notes. Results are shown for the hest-fit models Her+T. Values in 
brackets are 1 cr lower and upper confidence levels. 


file equals -2, and we therefore denote it by r_ 2 . The Bur scale 
radius approximately corresponds to 2/3 r_ 2 , while the Her scale 
radius corresponds exactly to 2 r_ 2 . For the sake of homogene¬ 
ity, we rescale the scale radii of the Bur and Her model to always 
quote the results for r_ 2 - 

We consider two models for the velocity anisotropy profile. 


P(r) = 1 


0-^(0 + ^ ^ o -^( r ) 

2 cr2(r) cr2(r) 


(7) 


where erg, cr^ are the two tangential components, and cTr the ra¬ 
dial component, of the velocity dispersion, and the last equiv¬ 
alence is obtained in the case of spherical symmetry. Negative, 
null, and positive values of p correspond to galaxy orbits that 
are tangential, isotropic, and radial, respectively. One of the two 
models (’C’) assumes constant p{r) at all radii. The other (’T’ 
from Tiret et al. 2007) is of the form: yS(r) = Poo rl(r + r_ 2 )- The 
two models are both characterized by only one free parameter, 
the constant value of p for the C model, and Poo for the T model, 
since r _2 in this model is the same scale radius parameter of the 
mass models. 

In MAMPOSSt, and in general in all dynamical analyses 
based on the Jeans equation (Binney & Tremaine 1987), knowl¬ 
edge of the radial dependence of the completeness of the spec¬ 
troscopic sample is required. An unknown or uncorrected-for 
radial-dependent incompleteness would bias the determination 
of the number density profile of the tracer of the gravitational 
potential, which enters the Jeans equation. On the other hand, the 
velocity distribution of the tracers is in general unaffected by in¬ 
completeness problems, since observations do not generally se¬ 
lect cluster members in velocity space. In the case of Ophiuchus, 
an estimate of the radial completeness of the spectroscopic sam¬ 
ple is not available, because of the stellar crowded field. As a 
consequence we must make the assumption that the number den¬ 
sity profile of the tracers and the mass density profile of the clus¬ 
ter have the same shape, and are therefore characterized by the 
same scale parameter, r_ 2 . This case was already considered by 
Mamon et al. (2013), and denoted ’TLM’ (for ’Tied Light and 
Mass’). They showed that MAMPOSSt can work very well also 
within this restrictive assumption. 

We find that Her+T provides the best-fit among the six com¬ 
binations of the three mass and the two anisotropy models. 
However, all models are statistically acceptable. The best-fit val¬ 
ues for the three free parameters r 2 oo, r- 2 ,Poa are listed in Table|2] 
with their uncertainties, obtained by marginalizing each parame¬ 
ter with respect to the other two. For completeness we also trans¬ 
late the constraints on r 2 oo into constraints on the cluster mass, 
Maoo- The values of Poo indicate that the galaxy orbits are mostly 
radially elongated in this cluster. 

In Fig. 0 we show the constraints obtained by MAMPOSSt 
in the r _2 vs. r 2 oo plane. The uncertainties on the r 2 oo value of the 
best-fit models, Her+T, are larger than the differences among the 
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r^oo [Mpc] 

Fig. 9. Results of the dynamical analysis in the r _2 vs. r 2 oo plane. 
The squares, dots, and triangles indicate the best-fit values ob¬ 
tained by MAMPOSSt for the Her, NFW, and Bur mass models. 
Magenta and blue symbols are for the C and T j3{r) models, re¬ 
spectively. The symbol size is proportional to the MAMPOSSt 
likelihood. The ellipse indicates the 1 cr uncertainty on the 
best-fit MAMPOSSt results, after marginalization over the ve¬ 
locity anisotropy parameter. The error bars are obtained upon 
marginalization of each parameter over the other two. The cross 
indicates the mean of the values obtained by the different mod¬ 
els considered for the MAMPOSSt analysis. The vertical black 
dashed line indicates the value of r 2 oo obtained from the clus¬ 
ter velocity dispersion using the scaling relation of Munari et 
al. (2013). The shaded grey region indicates the uncertainties on 
this value. The vertical red dash-dotted line indicates the value 
of r 2 oo obtained with the Caustic technique of Diaferio & Geller 
(1997). The shaded orange region indicates the uncertainties on 
this value. The shaded green region indicates the range of r 2 oo 
as obtained from the range of X-ray temperatures found in the 
literature (see text), using the scaling relation of Vikhlinin et al. 
(2009). The star symbol represents the theoretical expectation 
from De Boni et al. (2013), obtained adopting the average value 
of r 2 oo- 


values obtained with the different models. On the other hand, 
some of the r _2 values are more than 2 cr below the value ob¬ 
tained with the Her-i-T model. The average [r 2 oo, ^- 2 ] value (the 

symbol in the figure) among the different models is in fact 
below the value of the best-fit model. However, it is remarkable 
that the latter is in excellent agreement with the theoretically pre¬ 
dicted value obtained using the concentration-mass relation of 
De Boni et al. (2013, the star symbol in the figure), and the av¬ 
erage value of r 2 oo, because the theoretical estimate comes from 
a concentration-mass relation. Given r 2 oo. one has the mass, and 
from the mass, the concentration. Given the concentration and 
r 2 oo, one has r_ 2 - 

We also display in Fig. |3 the r 2 oo values obtained from o-y 
using the scaling relation of Munari et al. (2013). The relatively 
narrow confidence region (gray shaded area in the figure) only 


reflects the uncertainty in the theoretical value of the scaling re¬ 
lation. In reality, this is an underestimate, because several sys¬ 
tematic uncertainties are not taken into account (see Munari et 
al. 2013 for more details). Considering that the formal uncer¬ 
tainties on the cTy-determined r 2 oo values are smaller than the 
real ones, these values can be considered to be in fair agreement 
with the MAMPOSSt results. 

The MAMPOSSt results are also in agreement with the r 2 oo 
values obtained by applying the Caustic technique of Diaferio & 
Geller (1997; see also Diaferio 1999) to our spectroscopic data¬ 
set (red line and orange shaded region in Fig.|3. This technique 
does not require the assumption of dynamical equilibrium, but 
suffers from an uncertain calibration which is generally deter¬ 
mined using numerical simulations. We adopt here the caustic 
mass calibration factor of Gifford et al. (2013), 7^ = 0.65. 



r [Mpc] 

Fig. 10. The cluster mass profile as obtained from MAMPOSSt 
(solid blue line) within its 1 cr confidence interval (dashed cyan 
region). The blue dot is the location of [^ 200 , ^# 200 ]- The dash- 
dotted and dashed red lines indicate the cluster mass profile 
obtained from the Caustic technique and, its 1 cr upper and 
lower limits respectively. The red diamond is the location of 
[r 2 oo, A720 o]- The green ’X’ symbols indicate the locations of 
[^ 200 , ^# 200 ] obtained using the observed range of cluster Tx and 
the scaling relation of Vikhlinin et al. (2009). 


Fig. [To] shows the two mass profiles obtained by 
MAMPOSSt and the Caustic technique. They are in agreement 
within their uncertainties, except in the central region, where the 
Caustic mass profile exceeds the MAMPOSSt-derived one. This 
is due to a well known bias of the Caustic technique, that tends 
to overestimate the mass profile in the central regions (Serra et 
al. 2011). 

Overall we conclude that there is a very good agreement in 
the mass and mass profile estimates obtained with different tech¬ 
niques based on the projected phase-space galaxy distribution in 
the cluster. 

It is also possible to determine r 2 oo (and therefore also M 200 ) 
from the cluster X-ray temperature. For this we use the scaling 
relation of Vikhlinin et al. (2009) with fixed exponent a - 1.5, 
and the most recent and accurate determinations of the cluster 
X-ray temperatures, Tx = 9.1 keV (Nevalainen et al. 2009) and 
Tx - 9.7 keV (Fujita et al. 2008). The derived range of values 
accounts for the uncertainties in the normalization of the scal¬ 
ing relation of Vikhlinin et al. (2009). As it can be seen from 
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Figs. m and [To] the allowed range of r 2 oo (and M 200 ) values ob¬ 
tained from the X-ray temperatures, overlaps with the range of 
values we infer from the kinematic analysis. The X-ray derived 
values tend however to be somewhat higher than the values de¬ 
rived from the kinematic analysis. Possibly, the observed cluster 
Tx is somewhat increased by a past collision between a cluster 
and a subcluster. 

3.3.3. The presence of substructures 

We made a dynamical analysis with the Serna-Gerbal technique 
(hereafter SG, 1996 release, Serna & Gerbal 1996), a hierarchi¬ 
cal code (based on spectroscopic redshifts and optical magni¬ 
tudes) designed to detect substructures in the optical. The SG 
method has proved to be quite powerful to show evidence for 
substructures in nearby clusters (see Abell 496: Durret et al. 
2000; Coma: Adami et al. 2005; Abell 85: Boue et al. 2008) as 
well as in more distant ones (Guennou et al. 2014). We applied 
it here to the catalogue of 89 galaxies with both redshifts and r' 
band magnitudes within the 1x1 deg^ Megacam area. 

Assuming a value of the mass to luminosity ratio (here taken 
to be 100), the SG method allows to estimate the masses of the 
structures that it detects. Although the absolute masses are not 
accurate (the typical uncertainty is clearly larger than lO''* Mq), 
the mass ratios of the various structures are well determined 
(Guennou et al. 2014). The SG method has also been extensively 
tested on simulations by Guennou (2012), in particular concern¬ 
ing the effect of undersampling on mass determinations. 

One of the parameters that can be chosen is the minimum 
number n of galaxies in a structure. We have applied the SG 
method with n=10 and n=5 and find similar results in both cases. 
The total mass of the system is found to be Mtot = 3.7 x 10*^ Mq. 
This estimate refers to the mass within the Megacam area, i.e. 
within a radius of ^ 1 Mpc. We will divide the masses of the de¬ 
tected substructures by this quantity to estimate the percentages 
of this total mass included in each of the substructures. 

We find one large structure SI of 75 galaxies and a much 
smaller structure S2 of 13 galaxies. The mass ratios of these 
two structures to the main cluster component are 0.67 and 0.065. 
Structure S1 can itself be divided into two substructures, S11 and 
S12, with 65 and 10 galaxies respectively, and Sll can itself be 
divided into two structures. In all cases we find a large substruc¬ 
ture and a much smaller one, implying that only minor mergers 
can be occuring. These results are illustrated in Fig. [TT] where 
an adaptive kernel map of the main structure is drawn, with the 
galaxies of the two structures S1 and S2 superimposed. 

As an illustration of the relative significance of the struc¬ 
tures detected by the SG method, we refer the reader to Fig. 5 of 
Guennou et al. (2014), showing the percentage of substructures 
detected by the SG method as a function of the spectroscopic 
sampling. 

The SG dynamical analysis therefore clearly confirms that 
Ophiuchus is not a fully relaxed cluster, but any merger must 
have been minor, so it has not strongly affected the dynamics of 
the cluster. 

4. Discussion and conciusions 

We now discuss the merging status of Ophiuchus. As mentioned 
above, only Watanabe et al. (2001) claim that it is a major 
merger, based on a temperature map drawn from ASCA data. 
On the other hand, several studies, including the one presented 
here, strongly suggest that Ophiuchus is only the result of a mi¬ 
nor merger. 



X [kpc] 

Fig. 11. Adaptive-kernel number density map of the galaxies in 
structure 1 of the SG substructure analysis. The contours are log¬ 
arithmically spaced. Red dots indicate the positions of the galax¬ 
ies belonging to this group. Blue stars indicate the positions of 
the galaxies belonging to group 2 in the SG substructure analy¬ 
sis. 


From our data, there are several converging indices showing 
that Ophiuchus is not a cluster strongly perturbed by merging 
events. First, the center of the cD galaxy coincides with the X- 
ray peak. Second, the velocity distribution is Gaussian, another 
evidence for global relaxation, and third the cluster mass derived 
from the Jeans equation agrees with the cluster mass computed 
with the caustic method, still another evidence for relaxation. 
The masses derived from X-rays are a little higher, but still con¬ 
sistent. Finally, the SG analysis does not imply strong subclus¬ 
tering, given that a large fraction of the mass is not associated to 
any substructure. 

Ophiuchus was originally believed to be a merging cluster, 
based on an X-ray temperature map derived from ASCA data 
(Watanabe et al. 2001) and showing two very hot regions to the 
West and South of the center, some 20 arcmin away. The com¬ 
parison of this map with simulations suggested that a merger 
had occurred about 1 Gyr ago. However, based on Suzaku data, 
these results were contradicted by Fujita et al. (2008), who did 
not detect the huge temperature variations found by Watanabe 
et al. (2001). On the contrary, they found that Ophiuchus was 
a cool core cluster, with isothermal gas (with a temperature 
kT - 9.7^j Q keV) beyond 50 kpc from the cluster centre. We 
can note however that even if Ophiuchus is a cool core clus¬ 
ter, it may have experienced a minor merger, as indicated for 
example by the simulations of Burns et al. (2008). Fujita et al. 
(2008) also wrote that the iron-line ratios measured on the X-ray 
spectra indicated that the ICM had reached an ionization equilib¬ 
rium state, implying that the cluster could not be a major merger. 
However, this time based on Chandra data. Million et al. (2010) 
found evidence for a collision from the comet-like morphology 
of the X-ray emission near the cluster centre. They interpreted 
the very strong temperature gradient, from 0.7 keV within 1 kpc 
to 10 keV at 30 kpc, as due to the fact that the outer part of the 
cool core has been stripped by ram pressure. 
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Other results are consistent with Ophiuchus being a minor 
merger. For example, Murgia et al. (2009) have detected a mini 
radio-halo around the cluster dominant radio galaxy, with a ra¬ 
dio emissivity typical of haloes in merging clusters. However, 
according to Zandanel et al. (2014), the mini-halo in Ophiuchus 
has a radio luminosity much lower than giant radio halos in 
merging clusters, so this suggests that any merger can only have 
been a minor one. The hard X-ray component detected with 
XMM-Newton by Nevalainen et al. (2009) is indicative of rel¬ 
ativistic electrons, which are also responsible for the mini ra¬ 
dio halo. The hypothesis of a minor merger agrees with the fact 
that Hamer et al. (2012) measured an offset between optical line 
emission and the BCG (about 2 kpc), and suggested it could be 
due to the merger-induced motion of the ICM relative to the 
BCG. From their data, the merger must have occured recently, 
about 20-100 Myr ago. 

Adding this evidence together, it seems likely that a merger 
has indeed occurred (probably quite recently), but that it was not 
a major merger, and perhaps since Ophiuchus is so massive, this 
merger has not perturbed much its dynamical state, though it 
may have affected the intra-cluster medium to some exent. At 
smaller scale than the entire cluster, some perturbations have 
been observed, such as an object located 1.7 kpc from the BCG 
showing low ionization optical emission lines and interpreted by 
Edwards et al. (2009) as a large cloud falling towards the BCG. 
This system would then be comparable to that described in the 
optical IFU observations of NGC 4696 by Farage et al. (2010). 
However, they cannot perturb the cluster properties, as for ex¬ 
ample confirmed by the lack of star forming galaxies. 
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Appendix A: Catalogues 

The photometric catalogue in the g', r' and z’ bands of the galax¬ 
ies located within the VLT/FORS2 field is given in Table lA. ll for 
162 objects. 

The photometric catalogue in the / band of the galaxies with 
a measured spectroscopic redshift but outside the VLT/FORS2 
field is given in Table lA.2l for 65 galaxies. 

The full catalogue of 152 spectroscopic redshifts (covering a 
region larger than our images) is given in Table lA. 3) 
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Durret et al.: Optical view of the Ophiuchus cluster 


Table A.l. Photometric catalogue in the r', g' and z' bands in the central region covered by the FORS2 z' band image. The columns 
are; (1) running number (the galaxies indicated with * have a spectroscopic redshift given in Table lA.3]) . (2) object OPH name, (3) 
and (4) RA and DEC (J2000.0), (5), (6) and (7) r', g' and z' band magnitudes (the symbols ; and :: respectively indicate a relatively 
large and a large uncertainty), (8) quality of the galaxy classification (1: almost definitely a galaxy, 2: probably a galaxy, 3: possibly 
a galaxy; when the object is certainly a galaxy, there is no indication in this column), (9) notes, other identifications and comments 
(poor photometric condition around object, e.g., bright stars or diffraction on the spider, are expressed as 1,2, and 3). 


Running OPH 

RA 

DEC r' 

8' 

z' 

Quality Note 

number name 

(J2000.0) 

(J2000.0) 





1 

OPH J171205.08-232033 

258.02116 

-23.34253 

16.872: 

17.756: 



1 

2 

OPHH71205.41-232050 

258.02255 

-23.34746 

20.756 

22.050 




3 

OPH J171205.68-232158 

258.02367 

-23.36624 

21.588 

22.669 


1 


4 

OPH J171205.85-232149 

258.02439 

-23.36387 

17.261: 

18.167: 



1 

5 

OPHH71206.10-231818 

258.02541 

-23.30512 

20.681 

22.224 




6 

OPH H71206.16-232218 

258.02567 

-23.37174 

20.869 

22.623 

20.445 



7 

OPH J171206.17-232251 

258.02570 

-23.38082 

19.684: 

20.981: 

19.744: 


3 

8* 

OPH J171207.00-232405 

258.02918 

-23.40148 

16.152 

17.233 

15.211 


2MASX J17120697-2324053 

9 

OPHH71207.25-232501 

258.03020 

-23.41707 

20.220 

21.707 

19.951 



10 

OPHH71207.33-232532 

258.03055 

-23.42559 

19.898 

21.124 

19.909 



11 

OPH J171207.41-231826 

258.03088 

-23.30737 

21.409 

22.736 


1 


12 

OPH J171207.45-232030 

258.03106 

-23.34188 

16.375 

17.400 

15.606 



13 

OPHH71207.62-231809 

258.03174 

-23.30255 

23.017 

23.783 


3 


14 

OPH 1171208.13-231835 

258.03386 

-23.30983 

20.526 

21.697 



1 

15 

OPH 1171208.31-232255 

258.03461 

-23.38196 

20.786: 

21.487: 

20.585: 

3 

3 

16 

OPH 1171208.39-232606 

258.03497 

-23.43500 

18.951 

19.823 

18.559: 


star near nucleus 

17 

OPH 1171208.50-231908 

258.03543 

-23.31901 

18.087 

19.047 

17.472 



18 

OPH 1171208.68-232236 

258.03615 

-23.37671 

22.142 

23.924:: 

21.255 

1 


19 

OPH 1171208.74-232219 

258.03641 

-23.37204 

19.718 

20.644 

19.131 

3 


20 

OPH 1171208.94-231801 

258.03725 

-23.30048 

22.662 

23.271 


3 


21 

OPH 1171209.04-231808 

258.03767 

-23.30242 

20.475 

21.588 




22 

OPH 1171209.78-232020 

258.04073 

-23.33899 

22.828 

22.887: 

22.576 

2 


23 

OPH 1171209.98-231845 

258.04158 

-23.31256 

20.665 

21.627 




24 

OPH 1171210.04-231753 

258.04184 

-23.29820 

18.946 

19.868 




25 

OPH 1171210.12-232445 

258.04218 

-23.41262 

21.576 

22.824 

21.703: 

1 


26 

OPH 1171210.37-231756 

258.04320 

-23.29896 

18.773: 

19.377: 



2 

27 

OPH 1171210.90-231754 

258.04541 

-23.29859 

20.444:: 

20.530:: 


1 

2 

28 

OPH 1171211.08-232251 

258.04615 

-23.38083 

22.161 

22.964 

21.349 

2 


29 

OPH 1171211.12-232504 

258.04635 

-23.41799 

21.450 

22.410 

20.876 

2 


30 

OPH 1171211.13-232604 

258.04636 

-23.43456 

22.321 

22.930 

22.203: 

3 


31 

OPH1171211.15-232415 

258.04647 

-23.40442 

19.712 

20.703 

18.815 

1 

1 

32 

OPH1171211.18-232500 

258.04657 

-23.41668 

20.694 

21.577 

20.467 



33 

OPH 1171211.23-232006 

258.04679 

-23.33513 

21.661 

22.713 

21.661: 

3 


34 

OPH 1171211.50-231821 

258.04793 

-23.30600 

20.681 

21.640 




35 

OPH 1171211.52-232557 

258.04802 

-23.43265 

18.422 

19.590 

17.658 



36 

OPH 1171212.06-232434 

258.05026 

-23.40950 

21.075 

22.306 

20.648 

3 

1 

37 

OPH 1171212.33-231824 

258.05139 

-23.30683 

21.170 

22.007 


1 


38 

OPH 1171212.35-231743 

258.05147 

-23.29536 

17.913 

18.902 




39 

OPH 1171212.43-232158 

258.05179 

-23.36620 

22.110 

23.415 

20.714 

3 


40 

OPH 1171212.51-232119 

258.05213 

-23.35536 

23.728 

24.415 

22.664 

3 


41* 

OPH 1171212.61-232501 

258.05253 

-23.41716 

20.396 

21.297 

19.761 



42 

OPH 1171212.76-232546 

258.05317 

-23.42969 

21.266 

22.060 

20.540 

2 


43 

OPH 1171214.15-231911 

258.05897 

-23.31989 

22.734 

23.369 

22.509 



44 

OPH 1171215.13-232322 

258.06306 

-23.38954 

19.280 

20.475 

18.915 



45 

OPH 1171215.24-232159 

258.06352 

-23.36655 

20.758 

21.915 

20.186 



46 

OPH 1171215.60-231833 

258.06501 

-23.30928 

18.949 

19.948 




47 

OPH 1171216.10-231806 

258.06707 

-23.30168 

22.428 

23.008 


3 


48* 

OPH 1171216.71-231931 

258.06963 

-23.32539 

17.178 

18.196 

16.424 



49 

OPH 1171216.92-231946 

258.07048 

-23.32957 

21.802 

22.882 

21.017 



50* 

OPH 1171217.22-232537 

258.07174 

-23.42704 

17.895 

18.757 

17.333 



51 

OPH 1171217.56-232550 

258.07316 

-23.43066 

20.851: 

21.164 

19.774 


1 

52 

OPH 1171217.95-232440 

258.07479 

-23.41120 

22.095 

23.309 

21.734 

1 


53 

OPH 1171218.18-232455 

258.07574 

-23.41533 

22.101 

23.655 

21.003:: 

3 


54 

OPH 1171218.50-232042 

258.07709 

-23.34512 

17.474 

18.573 

16.740 



55 

OPH 1171218.51-231914 

258.07714 

-23.32057 

22.212 

23.398 

21.227 

1 


56 

OPH 1171218.71-231836 

258.07794 

-23.31010 

21.227 

22.740 


1 


57 

OPH 1171218.82-232525 

258.07840 

-23.42361 

21.418 

22.879 

20.883 

2 


58* 

OPH 1171218.97-231921 

258.07904 

-23.32266 

17.932 

18.992 

17.238 



59* 

OPH 1171218.98-232219 

258.07910 

-23.37198 

15.541 

16.654 

14.614 


2MASX J17121895-2322192 

60 

OPH 1171219.27-232046 

258.08030 

-23.34625 

21.602 

23.237 

20.777 

3 
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Table A.l. Continued. 


Running 

number 

OPH 

name 

RA 

(J2000.0) 

DEC 

(J2000.0) 

r' 

g' 

z' 

Quality 

Note 

61 

OPH J171219.30-232012 

258.08041 

-23.33684 

22.368 

23.115 

20.919: 

2 


62 

OPH J171219.32-232059 

258.08051 

-23.34981 

22.621 

23.217 

21.870 

1 


63* 

OPH J171219.91-232418 

258.08294 

-23.40510 

15.405 

16.560 

14.440 


2MASX J17121989-2324187 

64 

OPH J171220.07-232001 

258.08362 

-23.33384 

21.770 

22.375 

21.125 

3 


65* 

OPH J171220.15-232343 

258.08397 

-23.39538 

18.032 

19.042 

17.288 



66 

OPH J171220.37-232551 

258.08487 

-23.43096 

21.449 

22.682 

20.905 



67 

OPH J171220.41-232124 

258.08504 

-23.35678 

18.259 

19.366 

17.575 


2 

68* 

OPH J171220.68-232054 

258.08615 

-23.34832 

18.458 

19.561 

17.738 



69* 

OPH J171220.70-231831 

258.08626 

-23.30878 

15.386 

16.540 



2MASX J17122070-2318318 

70 

OPH J171221.47-231745 

258.08947 

-23.29602 

21.317 

22.336 


1 

semi-stellar 

71 

OPH J171221.47-231954 

258.08947 

-23.33189 

21.287 

22.693 

20.402 



72 

OPH J171221.55-232305 

258.08979 

-23.38498 

22.808 

23.554 

22.316 

3 


73* 

OPH J171221.60-232528 

258.08999 

-23.42448 

18.650 

19.600 

18.003 



74* 

OPH J171222.14-232604 

258.09225 

-23.43459 

15.143 

16.225 

14.331 


2MASX J17122214-2326048 

75* 

OPH J171223.04-232252 

258.09598 

-23.38113 

16.654 

17.762 

15.900 


2MASX J17122302-2322518 

76* 

OPH J171223.09-232156 

258.09622 

-23.36565 

20.783 

21.699 

20.288 



77 

OPH J171223.10-232112 

258.09623 

-23.35345 

19.684 

20.660 

19.060 


1 

78 

OPH J171223.42-232053 

258.09760 

-23.34826 

22.270 

23.472 

21.976 

1 


79 

OPH J171223.68-231813 

258.09867 

-23.30384 

18.663 

19.526 




80 

OPH J171223.70-232313 

258.09875 

-23.38697 

21.340 

22.164 

20.505 

3 


81 

OPH J171224.18-231828 

258.10075 

-23.30798 

17.898 

18.991 




82 

OPH J171224.73-231821 

258.10304 

-23.30586 

19.642 

20.308 




83* 

OPH J171225.43-232146 

258.10595 

-23.36299 

17.743 

18.881 

16.959 



84 

OPH J171226.61-232511 

258.11089 

-23.41990 

22.098 

23.544 

21.323 

3 


85 

OPH J171226.62-232425 

258.11093 

-23.40713 

21.460:: 

21.194:: 

20.744:: 

3 

2 

86 

OPH J171226.79-232236 

258.11164 

-23.37674 

19.481 

20.768 

18.580 



87* 

OPH J171226.83-232249 

258.11181 

-23.38038 

17.826 

18.952 

17.082 



88* 

OPH J171226.86-234327 

258.11194 

-23.72424 

16.621:: 





89 

OPH J171227.25-232453 

258.11354 

-23.41477 

19.787 

20.502 

19.135 



90 

OPH J171227.36-232515 

258.11402 

-23.42091 

22.263: 

22.945: 

22.135: 

2 


91* 

OPH J171227.36-232225 

258.11402 

-23.37373 

19.602:: 

20.350:: 



superposed on cD galaxy 

92* 

OPH J171227.72-232211 

258.11549 

-23.36978 

15.284: 

16.386: 

13.484 


2MASXJ17122774-2322108 cD 

93 

OPH J171228.62-231930 

258.11924 

-23.32521 

22.648 

23.106 

21.349 



94 

OPH J171228.66-231959 

258.11942 

-23.33316 

21.902 

23.142 

21.067 

2 


95 

OPH J171229.14-232419 

258.12141 

-23.40546 

19.465 

20.438 

18.859 



96 

OPH J171229.39-231920 

258.12246 

-23.32233 

19.199 

20.259 

17.880: 


1 

97* 

OPH J171229.40-232241 

258.12249 

-23.37805 

18.194 

19.219 

17.348 



98 

OPH J171229.48-232123 

258.12285 

-23.35654 

18.212 

19.614 

17.279 



99 

OPH J171229.94-232632 

258.12476 

-23.44238 

19.368 

20.290 




100 

OPH J171230.29-232604 

258.12619 

-23.43444 

19.340 

20.410 

18.641 



101 

OPH J171230.44-232057 

258.12682 

-23.34921 

21.873 

22.473 

21.449 

3 


102 

OPH J171230.92-231850 

258.12885 

-23.31406 

22.081 

23.493 


3 


103 

OPH J171230.96-232320 

258.12899 

-23.38910 

20.748 

21.906 

19.986 



104 

OPH J171231.02-232448 

258.12927 

-23.41346 

23.554: 

23.880: 

23.204: 

3 


105 

OPH J171231.13-232211 

258.12971 

-23.36971 

20.390 

21.431 

19.626 

1 

semi-stellar 

106* 

OPH J171231.55-232324 

258.13146 

-23.38999 

17.959 

19.006 

17.156 



107 

OPH J171231.81-231742 

258.13254 

-23.29525 

22.789 

23.471 




108 

OPH J171231.97-232043 

258.13319 

-23.34550 

18.483 

19.721 

17.662 



109 

OPH J171232.03-232529 

258.13345 

-23.42494 

22.936 

23.699 

22.509 

3 


110 

OPH J171233.25-231841 

258.13854 

-23.31157 

19.647 

20.375 




111 

OPH J171233.36-232203 

258.13898 

-23.36771 

21.705 

23.032 

21.282 



112 

OPH J171233.54-232120 

258.13973 

-23.35579 

19.366 

20.466 

18.465 

1 

semi-stellar 

113 

OPH J171234.01-232159 

258.14170 

-23.36643 

23.363:: 

24.694:: 

21.790:: 

3 


114 

OPH J171235.46-231726 

258.14777 

-23.29077 

21.386 

22.427 




115 

OPH J171235.64-232449 

258.14852 

-23.41374 

20.806 

21.617 

19.896 



116 

OPH J171235.74-232624 

258.14892 

-23.43999 

19.592 

20.784 




117* 

OPH J171235.80-231920 

258.14916 

-23.32229 

15.684 

16.718 

14.852 


2MASX J17123580-2319208 

118 

OPH J171235.86-232409 

258.14943 

-23.40257 

21.983 

23.471 

21.451 

1 


119 

OPH J171235.91-231954 

258.14964 

-23.33191 

22.855 

23.466 

22.287 

3 


120 

OPH J171236.01-232335 

258.15006 

-23.39318 

21.061 

22.067 

20.363 
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Table A.l. Continued. 


Running 

number 

OPH 

name 

RA 

(J2000.0) 

DEC 

(J2000.0) 

r' 

g' 

z' 

Quality 

Note 

121 

OPH J171236.21-232255 

258.15089 

-23.38199 

22.620 

24.090 

22.120 

3 


122 

OPH J171236.31-232632 

258.15128 

-23.44226 

20.866 

21.679 




123* 

OPH J171236.39-232114 

258.15163 

-23.35395 

15.727 

16.740 

14.981 


2MASX J17123638-2321138 

124* 

OPH J171236.61-232056 

258.15254 

-23.34913 

19.605 

20.505 

18.912 



125 

OPH J171237.09-232412 

258.15454 

-23.40351 

17.959 

19.011 

17.230: 


at field edge in z-band 

126 

OPH J171237.32-231737 

258.15548 

-23.29364 

19.779 

20.597 



2 

127 

OPH J171237.37-231753 

258.15572 

-23.29807 

22.910 

25.070: 


1 


128 

OPH J171237.55-232520 

258.15647 

-23.42226 

21.172 

21.882 




129 

OPH J171237.64-232623 

258.15683 

-23.43980 

15.671:: 




2 

130 

OPH J171237.65-232333 

258.15686 

-23.39253 

22.128 

23.306 


3 


131 

OPH J171237.95-232230 

258.15811 

-23.37511 

18.365 

19.292 




132 

OPH J171238.19-232029 

258.15914 

-23.34154 

19.642 

21.057 




133 

OPH J171238.41-232133 

258.16004 

-23.35923 

22.639 

23.895 


3 


134 

OPH J171238.81-232220 

258.16171 

-23.37238 

19.764 

21.090 




135 

OPH J171239.26-232430 

258.16358 

-23.40850 

19.010 

19.822 




136 

OPH J171239.38-232224 

258.16410 

-23.37359 

20.166 

22.034 




137 

OPH J171239.42-232240 

258.16423 

-23.37790 

21.170 

22.796 




138 

OPH J171239.83-232005 

258.16597 

-23.33486 

19.438 

20.168 




139 

OPH J171240.15-232505 

258.16730 

-23.41831 

16.299 

17.354 




140 

OPH J171241.01-232639 

258.17087 

-23.44419 

15.6:: 




3 

141 

OPH J171241.03-232537 

258.17097 

-23.42717 

18.288 

19.563 




142 

OPH J171241.44-232335 

258.17265 

-23.39326 

19.296 

20.464 




143 

OPH J171241.56-231950 

258.17315 

-23.33065 

20.428 

21.657 


1 

semi-stellar 

144 

OPH J171241.73-232501 

258.17387 

-23.41709 

20.760 

21.885 




145 

OPH J171242.25-232003 

258.17605 

-23.33418 

16.067 

17.101 




146 

OPH J171242.31-232338 

258.17629 

-23.39414 

22.810 

24.163 


1 


147* 

OPH J171242.60-232417 

258.17751 

-23.40484 

15.127 

16.239 



2MASX J17124256-2324167 

148 

OPH J171242.83-231938 

258.17846 

-23.32733 

20.134: 

20.507: 



1 

149 

OPH J171243.02-232452 

258.17926 

-23.41457 

22.558 

23.558 


3 


150 

OPH J171243.33-232558 

258.18054 

-23.43303 

19.637 

20.421 




151 

OPH J171243.61-232125 

258.18170 

-23.35716 

20.077 

21.085 




152 

OPH J171243.64-232038 

258.18185 

-23.34398 

22.171 

23.214 


3 


153 

OPH J171243.78-232541 

258.18242 

-23.42828 

20.517: 

22.335: 


3 


154 

OPH J171244.00-232056 

258.18334 

-23.34908 

22.043 

23.059 




155 

OPH J171244.23-232124 

258.18428 

-23.35667 

19.042 

20.202 




156 

OPH J171244.24-232300 

258.18434 

-23.38354 

20.446 

21.992 




157 

OPH J171245.51-231900 

258.18961 

-23.31673 

21.310 

22.130 


1 


158 

OPH J171245.61-232019 

258.19004 

-23.33875 

17.504 

18.478 




159 

OPH J171246.11-231819 

258.19212 

-23.30538 

21.027 

21.930 


3 


160 

OPH J171246.33-231738 

258.19306 

-23.29391 

20.302 

21.258 




161 

OPH J171247.16-231854 

258.19650 

-23.31515 

20.575 

21.300 




162 

OPH J171247.68-232127 

258.19865 

-23.35757 

23.125 

23.644 


3 
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Table A.2. Objects with a measured spectroscopic redshift but outside the VLT/FORS2 area. The columns are: (1) running number, 
(2) object name, (3) and (4) RA and Dec (J2000.0), (5) r' band magnitude, (6) other identification. 


Running 

number 

OPH 

name 

RA 

(J2000.0) 

DEC 

(J2000.0) 

r' 

Other 

name 

1 

OPH J171014.78-233404 

257.56158 

-23.56784 

15.672 

2MASX J17101464-2333587 

2 

OPH J171030.94-233839 

257.62893 

-23.64431 

15.886 

2MASX J17103094-2338399 

3 

OPH J171035.72-232925 

257.64883 

-23.49036 

16.611 

2MASX J17103573-2329248 

4 

OPH J171040.67-232422 

257.66945 

-23.40633 

16.179 

2MASX J17104066-2324228 

5 

OPH J171041.87-231335 

257.67446 

-23.22643 

16.308 

2MASX J17104188-2313348 

6 

OPH J171044.00-231400 

257.68333 

-23.23336 

16.284 

2MASX J17104398-2313598 

7 

OPH J171045.89-231923 

257.69121 

-23.32331 

16.067 

2MASX J17104588-2319238 

8 

OPH J171049.53-233624 

257.70638 

-23.60683 

15.982 

2MASX J17104954-2336246 

9 

OPH J171058.45-225927 

257.74355 

-22.99086 

15.660 

2MASX J17105842-2259266 

10 

OPH J171101.25-231107 

257.75522 

-23.18542 

16.108 


11 

OPH J171121.22-231849 

257.83843 

-23.31380 

14.801 

2MASX J17112119-2318497 

12 

OPH J171122.02-230529 

257.84176 

-23.09154 

16.834 

2MASX J17112206-2305297 

13 

OPH J171124.03-230042 

257.85012 

-23.01172 

15.968 

2MASX J17112403-2300427 

14 

OPH J171125.89-231851 

257.85789 

-23.31420 

16.174 

2MASXJ17112592-2318507 

15 

OPH J171127.15-230922 

257.86313 

-23.15616 

16.399 

6dFJ1711272-230922 

16 

OPH J171127.20-232309 

257.86332 

-23.38601 

16.263 

2MASX J17112722-2323097 

17 

OPH J171128.02-234420 

257.86677 

-23.73902 

16.333 

2MASX J17112802-2344197 

18 

OPH J171136.00-230306 

257.89998 

-23.05172 

15.595 

2MASX J17113598-2303057 

19 

OPH J171137.53-225846 

257.90636 

-22.97946 

15.445 

2MASX J17113750-2258457 

20 

OPH J171143.43-233106 

257.93097 

-23.51835 

15.718 

2MASX J17114344-2331057 

21 

OPH J171144.13-230339 

257.93386 

-23.06101 

15.082 

2MASX J17114409-2303397 

22 

OPH J171145.31-230844 

257.93881 

-23.14556 

15.574 

2MASX J17114534-2308447 

23 

OPH J171151.29-230136 

257.96372 

-23.02688 

15.080 

2MASX J17115130-2301363 

24 

OPH J171155.39-230942 

257.98079 

-23.16187 

15.242 

2MASX J17115542-2309423 

25 

OPH J171156.54-231501 

257.98557 

-23.25032 

15.682 

2MASX J17115651-2315013 

26 

OPH J171156.63-230250 

257.98594 

-23.04726 

16.319 

2MASX J17115666-2302503 

27 

OPH J171157.23-230211 

257.98846 

-23.03648 

15.201 

2MASX J17115724-2302113 

28 

OPH J171157.46-232938 

257.98941 

-23.49403 

16.537 

2MASXi J1711574-232938 

29 

OPH J171157.70-234207 

257.99041 

-23.70216 

16.380 

2MASX J17115766-2342073 

30 

OPH J171209.06-232826 

258.03774 

-23.47404 

16.078 

2MASX J17120908-2328263 

31 

OPH J171210.92-233300 

258.04550 

-23.55018 

16.513 

2MASX J17121090-2333003 

32 

OPH J171217.94-230342 

258.07475 

-23.06182 

16.875 

2MASX J17121796-2303422 

33 

OPH J171219.71-230828 

258.08212 

-23.14121 

16.239 

2MASX J17121970-2308288 

34 

OPH J171219.79-231541 

258.08247 

-23.26150 

15.288 

2MASX J17121976-2315418 

35 

OPH J171220.86-231004 

258.08691 

-23.16801 

15.332 

2MASX J17122085-2310048 

36 

OPH J171220.94-231610 

258.08727 

-23.26970 

16.492 

2MASX J17122092-2316108 

37 

OPH J171221.13-232957 

258.08805 

-23.49916 

15.290 

2MASX J17122113-2329568 

38 

OPH J171223.90-225159 

258.09960 

-22.86646 

16.598 

2MASXiJ1712239 -225159 

39 

OPH J171227.78-230811 

258.11574 

-23.13658 

16.431 

2MASX J17122782-2308108 

40 

OPH J171228.80-230803 

258.11998 

-23.13422 

16.183 

2MASX J17122884-2308038 

41 

OPH J171233.29-230734 

258.13870 

-23.12631 

15.720 

2MASX J17123325-2307348 

42 

OPH J171238.46-233145 

258.16023 

-23.52930 

15.784 

2MASX J17123843-2331458 

43 

OPH J171240.94-232942 

258.17060 

-23.49512 

16.140 

2MASX J17124097-2329427 

44 

OPH J171247.65-230151 

258.19854 

-23.03087 

16.905 

2MASX J17124767-2301517 

45 

OPH J171249.23-234834 

258.20511 

-23.80948 

17.600 


46 

OPH J171249.58-230720 

258.20657 

-23.12233 

15.373 

2MASX J17124957-2307207 

47 

OPH J171253.26-231705 

258.22191 

-23.28487 

16.724 


48 

OPH J171255.07-225700 

258.22945 

-22.95003 

15.507 

2MASX J17125506-2257000 

49 

OPH J171306.82-225535 

258.27843 

-22.92641 

15.904 

2MASX J17130678-2255350 

50 

OPH J171317.53-233429 

258.32303 

-23.57474 

15.152 

2MASX J17131749-2334290 

51 

OPH J171323.91-233450 

258.34963 

-23.58056 

16.369 

2MASX J17132392-2334506 

52 

OPH J171324.19-233914 

258.35081 

-23.65413 

16.105 

2MASX J17132420-2339146 

53 

OPH J171326.45-233201 

258.36020 

-23.53382 

16.095 

2MASX J17132646-2332016 

54 

OPH J171328.44-230840 

258.36852 

-23.14461 

16.167 

2MASX J17132844-2308406 

55 

OPH J171334.02-233733 

258.39177 

-23.62591 

16.105 

2MASX J17133402-2337336 

56 

OPH J171339.33-231814 

258.41387 

-23.30412 

15.599 


57 

OPH J171351.94-230328 

258.46642 

-23.05802 

16.522 

2MASX J17135195-2303286 

58 

OPH J171352.23-232155 

258.46763 

-23.36535 

15.925 

2MASX J17135221-2321556 

59 

OPH J171354.89-231618 

258.47871 

-23.27181 

16.110 

2MASX J17135490-2316186 

60 

OPH J171358.48-225156 

258.49365 

-22.86564 

15.859 

2MASX J17135847-2251566 

61 

OPH J171401.72-231302 

258.50717 

-23.21740 

15.035 

2MASX J17140172-2313026 

62 

OPH J171409.76-233153 

258.54066 

-23.53157 

15.028 

2MASX J17140971-2331536 

63 

OPH J171422.04-230018 

258.59185 

-23.00507 

16.762 

2MASX J17142206-2300182 

64 

OPH J171423.86-231048 

258.59942 

-23.18012 

15.653 

2MASX J17142386-2310482 

65 

OPH J171424.83-231347 

258.60345 

-23.22983 

14.735 

2MASX J17142479-2313472 
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Table A.3. Spectroscopic redshift catalogue. The columns are: (1) running number (for objects with *, photometric data are given 
in Tables Al (VLT/FORS2 area) and A2 (outside the VLT/FORS2 area), (2) object name, (3) spectroscopic redshift, (4) reference 
to the origin of the redshift: 1 for our FORS2 data, 2 for our 6df, CTIO 1.5m, and Lick 3m data (Wakamatsu et al. 2005), and 3 for 
NED. 


Number 

name 

redshift 

reference 

1 

2MASX J17071767-2406391 

0.0332 

3 

2 

2MASX J17073583-2353321 

0.0317 

3 

3 

2MASX J17075426-2346173 

0.0295 

3 

4 

2MASX J17075972-2346163 

0.0320 

3 

5 

2MASX J17080961-2232072 

0.0290 

3 

6 

2MASX J17081885-2252587 

0.0259 

3 

7 

2MASX J17082726-2326327 

0.0327 

2 

8 

2MASX J17082979-2256397 

0.0258 

2 

9 

2MASX J17083142-2217447 

0.0296 

3 

10 

2MASX J17084712-2329350 

0.0275 

2 

11 

2MASX J17085724-2346260 

0.0269 

2 

12 

2MASX J17090361-2327449 

0.0329 

2 

13 

2MASX J17091029-2233179 

0.0279 

2 

14 

2MASX J17091341-2345468 

0.0321 

2 

15 

2MASX J17092831-2226505 

0.0310 

3 

16 

2MASX J17092925-2259155 

0.0296 

2 

17 

2MASX J17093322-2232395 

0.0290 

2 

18 

2MASX J17093341-2350245 

0.0220 

2 

19 

2MASX J17093394-2238225 

0.0307 

2 

20 

2MASX J17093813-2358058 

0.0312 

2 

21 

2MASX J17093810-2305055 

0.0265 

2 

22 

2MASX J17094318-2231395 

0.0324 

2 

23 

IRXS J170944.9-234658 

0.0364 

2 

24 

2MASX J17095181-2313038 

0.0323 

2 

25 

2MASX J17095391-2250048 

0.0293 

2 

26 

2MASX J17095655-2416307 

0.0313 

2 

27 

2MASX J17100247-2316308 

0.0277 

2 

28 

2MASX J17100581-2315138 

0.0285 

2 

29* 

2MASX J17101464-2333587 

0.0277 

2 

30 

2MASX J17101930-2217218 

0.0298 

3 

31* 

2MASX J17103094-2338399 

0.0339 

2 

32* 

2MASX J17103573-2329248 

0.0237 

2 

33* 

2MASX J17104066-2324228 

0.0265 

2 

34 

2MASX J17104160-2411341 

0.0371 

2 

35* 

2MASX J17104188-2313348 

0.0255 

2 

36* 

2MASX J17104398-2313598 

0.0325 

2 

37 

2MASX J17104452-2359408 

0.0279 

2 

38 

2MASX J17104522-2247088 

0.0357 

2 

39* 

2MASX J17104588-2319238 

0.0307 

2 

40* 

2MASX J17104954-2336246 

0.0311 

2 

41* 

2MASX J17105842-2259266 

0.0233 

2 

42* 

OPH 1171101.25-231107 

0.0259 

2 

43 

2MASX 117111189-2354508 

0.0266 

2 

44 

2MASX 117112078-2234457 

0.0322 

2 

45* 

2M ASX 117112119-2318497 

0.0274 

3 

46* 

2MASX 117112206-2305297 

0.0302 

2 

47* 

2MASX 117112403-2300427 

0.0279 

2 

48* 

2MASX 117112592-2318507 

0.0325 

2 

49* 

6dF 11711272-230922 

0.0369 

2 

50* 

2MASX 117112722-2323097 

0.0315 

2 

51 

2MASX 117112794-2404348 

0.0311 

2 

52* 

2MASX 117112802-2344197 

0.0294 

2 

53 

2MASX 117113574-2413554 

0.0317 

2 

54* 

2MASX 117113598-2303057 

0.0238 

3 

55* 

2MASX 117113750-2258457 

0.0288 

2 

56 

OPH 1171139.58-235053 

0.0322 

2 

57* 

2MASX 117114344-2331057 

0.0333 

2 

58* 

2MASX 117114409-2303397 

0.0274 

3 

59* 

2MASX 117114534-2308447 

0.0334 

2 

60* 

2MASX 117115130-2301363 

0.0331 

3 


16 



Durret et al.: Optical view of the Ophiuchus cluster 


Table A.3. Continued. 


Number 

name 

redshift 

reference 

61* 

2MASX J17115542-2309423 

0.0269 

3 

62* 

2MASX J17115651-2315013 

0.0322 

2 

63* 

2MASX J17115666-2302503 

0.0305 

3 

64* 

2MASX J17115724-2302113 

0.0326 

3 

65* 

2MASXi J1711574-232938 

0.0301 

2 

66* 

2MASX J17115766-2342073 

0.0340 

2 

67 

2MASX J17115865-2438004 

0.0297 

3 

68 

2MASX J17115882-2359083 

0.0347 

2 

69* 

2MASX J17120697-2324053 

0.0318 

1 

70* 

2MASX J17120908-2328263 

0.0249 

2 

71* 

2MASX J17121090-2333003 

0.0307 

2 

72 

2MASX J17121160-2227513 

0.0319 

2 

73* 

OPH J171212.61-232501 

0.0306 

1 

74* 

OPH J171216.71-231931 

0.0206 

1 

75* 

OPH J171217.22-232537 

0.0243 

1 

76* 

2MASX J17121796-2303422 

0.0237 

2 

77* 

OPH J171218.97-231921 

0.0322 

1 

78* 

2MASX J17121895-2322192 

0.0275 

1 

79* 

2MASX J17121970-2308288 

0.0276 

2 

80* 

2MASX J17121976-2315418 

0.0299 

3 

81* 

2MASX J17121989-2324187 

0.0296 

2 

82* 

OPH J171220.15-232343 

0.0262 

1 

83* 

OPH J171220.68-232054 

0.0311 

1 

84* 

2MASX J17122070-2318318 

0.0366 

1 

85* 

2MASX J17122085-2310048 

0.0356 

2 

86* 

2MASX J17122092-2316108 

0.0240 

2 

87* 

2MASXJ17122113-2329568 

0.0306 

3 

88* 

OPH J171221.60-232528 

0.0268 

1 

89* 

2MASX J17122214-2326048 

0.0264 

1 

90* 

2MASX J17122302-2322518 

0.0288 

2 

91* 

OPH J171223.09-232156 

0.0276 

1 

92 

2MASX J17122328-2231578 

0.0318 

2 

93* 

2MASXi J1712239-225159 

0.0292 

2 

94* 

OPH J171225.43-232146 

0.0283 

1 

95* 

OPH J171226.86-234327 

0.0306 

2 

96* 

OPH J171226.83-232249 

0.0373 

1 

97* 

OPH J171227.36-232225 

0.0285 

1 

98* 

2MASX J17122774-2322108 

0.0295 

2 

99* 

2MASX J17122782-2308108 

0.0349 

2 

100* 

2MASX J17122884-2308038 

0.0365 

2 

101* 

OPH J171229.40-232241 

0.0249 

1 

102* 

OPH J171231.55-232324 

0.0276 

1 

103* 

2MASX J17123325-2307348 

0.0330 

2 

104* 

2MASX J17123580-2319208 

0.0321 

2 

105 

2MASX J17123583-2222498 

0.0279 

3 

106* 

2MASX J17123638-2321138 

0.0356 

1 

107* 

OPH J171236.61-232056 

0.0281 

1 

108* 

2MASX J17123843-2331458 

0.0262 

2 

109* 

2MASX J17124097-2329427 

0.0346 

2 

110* 

2MASX J17124256-2324167 

0.0288 

3 

111 

2MASX J17124278-2435477 

0.0243 

3 

112* 

OPH J171249.23-234834 

0.0365 

2 

113* 

2MASX J17124767-2301517 

0.0318 

2 

114* 

2MASX J17124957-2307207 

0.0273 

2 

115 

2MASX J17125134-2415096 

0.0282 

3 

116* 

OPH J171253.26-231705 

0.0260 

2 

117* 

2MASX J17125506-2257000 

0.0323 

2 

118 

2MASX J17125738-2358196 

0.0239 

2 

119 

OPH J171301.84-223836 

0.0317 

2 

120 

2MASX J17130287-2354020 

0.0282 

2 
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Table A.3. Continued. 


Number 

name 

redshift 

reference 

121* 

2MASX J17130678-2255350 

0.0234 

2 

122* 

2MASX J17131749-2334290 

0.0295 

3 

123* 

2MASX J17132392-2334506 

0.0324 

2 

124* 

2MASX J17132420-2339146 

0.0280 

2 

125* 

2MASX J17132646-2332016 

0.0342 

2 

126* 

2MASX J17132844-2308406 

0.0280 

2 

127 

2MASX J17132963-2234086 

0.0323 

2 

128* 

2MASX J17133402-2337336 

0.0252 

2 

129 

2MASX J17133908-2239286 

0.0309 

2 

130* 

OPH J171339.33-231814 

0.0315 

2 

131 

2MASX J17134226-2353126 

0.0297 

2 

132 

2MASX J17135024-2216106 

0.0329 

3 

133 

2M ASXi J1713516-240757 

0.0258 

2 

134* 

2MASX J17135195-2303286 

0.0304 

2 

135* 

2MASX J17135221-2321556 

0.0285 

2 

136* 

2MASX J17135490-2316186 

0.0330 

2 

137* 

2MASX J17135847-2251566 

0.0297 

2 

138* 

2MASX J17140172-2313026 

0.0284 

2 

139* 

2MASX J17140971-2331536 

0.0293 

2 

140* 

2MASX J17142206-2300182 

0.0344 

2 

141* 

2MASX J17142386-2310482 

0.0308 

2 

142* 

2MASX J17142479-2313472 

0.0262 

3 

143 

2MASX J17143041-2408063 

0.0256 

2 

144 

2MASX J17145813-2221299 

0.0290 

3 

145 

2MASX J17150845-2354140 

0.0303 

2 

146 

2MASX J17150925-2341020 

0.0324 

2 

147 

2MASX J17151484-2326579 

0.0330 

2 

148 

2MASX J17151503-2301319 

0.0285 

2 

149 

2MASX J17154530-2340044 

0.0284 

2 

150 

2MASX J17155885-2342043 

0.0266 

2 

151 

2MASX J17165090-2324074 

0.0286 

3 

152 

2MASX J17181000-2313584 

0.0262 

3 
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